Introduction
The Obama administration has prioritized expansion of renewable energy as a way to reduce greenhouse gas emissions and revitalize the economy. Central to this strategy is investment in wind energy, which is already adding thousands of megawatts (MW) each year to the U.S. electric grid. Yet there is debate about the economic impact of wind energy investment and the extent to which the U.S. industry will benefit from the growth in wind turbine installations. This paper thus analyzes the impact of the increase in wind turbine demand from 2005 to 2009 on U.S. production and trade.
The results of this analysis indicate that U.S. wind turbine imports rose substantially, but not as fast as domestic production.
1 Rising demand for wind turbines led to both a significant expansion of in the next few years, U.S. production capacity will continue to expand.
This paper focuses on the manufacturing and trade of utility-scale (>100 kilowatts) wind turbines from 2005 to 2009. 2 It analyzes import and export trends, the extent to which U.S. production is growing, U.S. production as a share of the wind turbine equipment market in the United States, and employment and wages in the industry. The primary focus of this paper is on the main components of a wind turbine:
the nacelle, blades, and tower (box 1). There will also be a short discussion of the value of gearbox and generator imports.
1 For the purposes of this paper, "domestic production" refers to wind turbine manufacturing/assembly and does not refer to wind energy generation from wind farms. The terms U.S. production and domestic production include production at all plants in the United States regardless of whether they are owned by U.S.-based or foreign-based companies.
2 Small wind turbines are produced by different companies for a different market.
The traditionally large size of the European market is one of the key reasons for the strong position of Europe-based original equipment manufacturers 6 (OEMs) in the wind turbine manufacturing industry. 7 In 2009, at least two Europe-based OEMs were among the top three suppliers of wind turbines in eight of the ten largest markets. Vestas (based in Denmark) and Enercon (Germany) 10 However, record 2009 installations mask 6 OEMs are companies that manufacture wind turbines and sell the turbines under their name (e.g., Acciona, Clipper, GE, Siemens, and Vestas). Wind project developers generally contract with OEMs for the delivery of the entire turbine, including the nacelle, blades, and tower. Most OEMs assemble the nacelle in-house, while blades, towers, and other components are produced either by the OEM or to the OEM's specifications by a supplier. This paper focuses on wind turbine manufacturing and does not discuss companies such as AMSC that develop and license wind turbine designs but do not manufacture nacelles in-house. 7 For more on the factors that led to the development of the wind industry in Europe, see Lewis  Starting in the fall of 2008, most OEMs suffered from a lack of new U.S. orders due to the inability of project developers to find financing for wind projects.
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 Some (but not all) OEMs had significant wind turbine orders cancelled or deferred.
14  The timing of 2009 installations was unusual, with many installations in the first quarter, as projects far along in the construction process moved forward, and many in the fourth quarter as well, after rules for the Stimulus Bill's provisions were finalized. Installations in the second and third quarters were much fewer.
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 Some companies increased production in expectation of higher and/or more stable demand in 2009 and were left with excess production capacity and inventory, including turbines that were produced for cancelled or deferred orders and had to be put back onto the market. 16 On the other hand, some new entrants found it easier to build their supply chain for components due to less tightness in the overall supply chain. These market conditions led some OEMs to reduce production levels to be in line with orders, layoff workers, and/or slow the construction of new manufacturing plants. 23 The downturn also affected suppliers of key components such as blades and towers, as will be discussed below. However, far more 2008, 24, 109; BTM Consult, International Wind Energy Development Update 2009, 28, 113; General Electric Co., "Conference Call Transcript for Q4 2009 General Electric Co., "Conference Call Transcript for Q4 2008 20 Annual Report, 2010 Clipper Windpower, Annual Report and Financial Statements, May 2009, 3 The same trends that affected wind turbine blade producers affected tower producers, with some companies facing reduced orders, cutting production levels, and laying off workers due to the financial 35 Compiled from press releases, media reports, and the White House web site (for the list of ARRA MTC awardees 40 Compiled from press releases, media reports, and company documents and Web sites. 41 Revenues of Ameron International, DMI (part of Otter Tail Corporation), Tower Tech (Broadwind), and Trinity Structural Towers (Trinity Industries). In all, these tower manufacturers have nine combined U.S. factories, one factory in Canada, and one factory in Mexico. Since separate data are not available, figures include revenue from production at the facilities in Canada and Mexico. These companies likely represent a significant share of U.S. tower production in 2009, though precise data are not available. Data are taken from company statements and annual reports, but in some cases are the result of ITC calculations based on data included in these documents. The Ameron fiscal year ends on November 30, but fiscal-year data were used to represent the calendar year. years was about $1.3 billion. 42 Investment by domestic companies was also significant but is more difficult to quantify, since many of these investments may involve retooling or expanding existing plants rather than opening new ones. U.S. companies manufacture nacelles at four plants and blades at five plants, with at least one more nacelle manufacturing location and two more blade plants planned. In addition, U.S. companies account for most tower manufacturing in the United States. Compiled from press releases, media reports, FDIMarkets investment database (accessed November 3, 2008), and Bloomberg New Energy Finance database (accessed March 12, 2010). Investment is listed under the year in which the plant was announced. In one case the amount of the manufacturing investment was not available. In this case, the amount invested by another company in a similar size manufacturing plant was used to approximate the investment amount. For joint ventures, half of the total investment is included. 43 Wind-powered generating sets include the nacelle and, if imported with the nacelle, components such as blades and hubs. Blades, towers, and other components are included in separate provisions when they are not imported with the nacelle. 34.5 percent of imports. Japan accounted for 25.5 percent, Spain 13.3 percent, India 10.7 percent, and Germany 8.9 percent. 44 Each of these countries is home to a significant wind manufacturing industry. The term "wind-powered generating sets" will be used to refer to trade specifically in HTS 8502.31.0000, while "wind turbine" will be used to refer to installations, production, and trade in more generic terms or in reference to combined trade of generating sets, blades, and towers. Imports of towers and lattice masts, the HTS provision that includes wind turbine towers, 
U.S. Production Growth Begins to Outpace Import Growth
The prior two sections indicate both rising production and rising imports of wind turbines, though both were depressed in 2009 by the financial crisis and the recession. The following section assesses the balance between imports and domestic production in the market by comparing imports to (1) the number of MW supplied to the U.S. market and (2) 
market (box 4).

Imports per MW Supplied to the U.S. Market
U.S. imports of wind-powered generating sets and combined imports of wind-powered generating sets, blades, and towers per MW of wind turbines supplied to the U.S. market peaked in 2006 and subsequently declined significantly. 49 The estimated import value of wind-powered generating sets per 49 BTM Consult collects data on the number of turbines supplied by manufacturers to the U.S. market. This may differ from the number of turbines installed because of a possible lag between when the turbine is shipped and when it is installed at a wind farm. Turbines supplied is the better metric for market size for this analysis since it is more closely correlated with imports. This is particularly true for 2008 and 2009 since, as noted earlier, 1.5 GW were shipped in 2008 but not installed until 2009.
BOX 4 Domestic production
For the purposes of this paper, the terms U.S. production and domestic production include production at all plants in the United States regardless of whether they are owned by U.S.-based or foreign-based companies. 
Imports as a Share of the Value of the Market
Accounting for the increase in the value of wind turbines over time by calculating imports as a share of the U.S. market (box 5), combined imports of wind-powered generating sets, blades, and towers 50 This does not control for the change in wind turbine values over time. Calculated by dividing the estimated import value of wind-powered generating sets, blades, and towers by the number of MW supplied. The value of imports is based on the full value of imports of wind-powered generating sets (HTS 8502.31.0000) and towers and lattice masts (HTS 7308.20 .0000) and two-thirds of the value of imports of parts of generators and other engines and motors (HTS 8503.00.9545 and 8412.90.9080) . 51 These numbers are based on estimates of the value of the wind turbine market and may not be an exact percentage of domestic content, but they do serve as an indicator of the trend in imports as a share of the market. In addition, these data indicate that while domestic production as a share of the market was only slightly higher in 2005 than in 2009, the value of domestic production was significantly higher, since the value of the market increased more than 350 percent. Sources: Import data compiled from official statistics of the U.S. Department of Commerce; value of the U.S. market based on USITC calculations using data on MW supplied from BTM Consult.
Notes: Value of the market calculated based on wind turbines supplied. Total value of wind turbines supplied includes both imports and U.S. wind turbine production. The figure does not include exports. Import data are based on the full value of imports of wind-powered generating sets (HTS 8502.31.0000) and towers and lattice masts (HTS 7308.20 .0000) and two-thirds of the value of imports of parts of generators and other engines and motors (HTS 8503.00.9545 and 8412.90.9080) . Import data are the landed duty-paid values. See box 5 for a fuller discussion.
Including two key nacelle components, gearboxes and generators, indicates a slightly higher import share and a slightly lower share of U.S. production. Sources: Import data for wind-powered generating sets, blades, and towers compiled from official statistics of the U.S. Department of Commerce; imports of gearboxes and generators are ITC calculations; value of the U.S. market based on USITC calculations using data on MW of wind turbines supplied provided by BTM Consult.
Notes:
Value of the market calculated based on wind turbines supplied. Total value of wind turbines supplied includes both imports and U.S. wind turbine production. The figure does not include exports. Import data are based on the full value of imports of wind-powered generating sets (HTS 8502.31.0000) and towers and lattice masts (HTS 7308.20 .0000) and two-thirds of the value of imports of parts of generators and other engines and motors (HTS 8503.00.9545 and 8412.90.9080) . Import data are the landed duty-paid values. Imports of gearboxes and generators are ITC calculations based on estimates of U.S. production and the unit value of gearboxes and generators. See box 5 for a fuller discussion. 
Market Size Calculation
For this analysis, market size is estimated by multiplying the number of MWs supplied by each OEM by the average price per MW of wind turbines for that OEM. This calculation used BTM Consult data on wind turbines supplied rather than turbines installed to ensure that the results are not skewed by cases in which turbines are not imported and installed in the same year (see appendix).
Price per MW was calculated by dividing the sales or revenues of the OEM by MW sold in a given year. Where possible, service and other types of revenue were excluded from the calculation so that revenue reflects only equipment sales. To the extent possible, these data are based on actual sales and revenues as reported by producers. In one case, revenue and sales were not reported in annual reports, so data were calculated based on the best available information (e.g., public statements, presentations on quarterly earnings, etc.). In several other cases no data were available, so the price per MW was the average price per MW of five producers with sales in the U.S. market-Clipper, Gamesa, GE, Suzlon, and Vestas. For years before Clipper began producing in the United States, average prices for the other four companies were used. In most cases, price data were for global sales, not specifically for sales in the U.S. market. For producers who are not U.S.-based, revenue was converted to U.S. dollars by averaging each year's daily exchange rates using data from the Federal Reserve. 
Import Data and Use of HTS Provisions
The full value of the HTS provision for wind-powered generating sets was used in calculating the value of wind turbine imports since this provision is exclusive to wind. Some of the imports are small wind turbines, but this is generally a small percentage of imports.
USITC estimates of the percentage of HTS provisions that include towers and blades were used to determine the import share of wind turbines. The USITC estimates that from 2005 to 2009 towers accounted for the predominant share of imports in the provision for tower and lattice masts, so the full value of this provision was used. Blades can enter under one of two HTS provisions that are part of broad parts categories that can include components for a number of uses other than wind. Therefore, two-thirds of the value of imports in these provisions is used in calculating the market share of imports. The estimated import value of blades also includes certain other wind components such as hubs.
The import data used in this calculation are the landed duty-paid value. All other data in this paper is the customs value of imports. Landed duty-paid values are used here since it includes customs duties paid and cost, insurance, and freight and is likely the most reflective of the entire cost of an imported wind turbine. 
Employment Growth and Wage Levels
The growth in the wind market has led to significant growth in wind-related employment.
Employment in the wind industry, including manufacturing, construction, and service sector jobs, rapidly increased through late 2008, with total employment increasing from about 50,000 in 2007 to about 85,000 in 2008. About 20,000 of the 85,000 jobs were in manufacturing. 55 However, the financial crisis and the recession have had a negative impact on employment in the wind turbine manufacturing sector. In 2009, employment in the manufacturing sector declined by 1,500-2,000 jobs, though overall employment in the industry stayed at about 85,000 due to an increase in employment in construction and maintenance. In several cases a wage range was given. In this case the median of the range was used as the average wage for that manufacturing plant. Most of the data are for new plants announced between 2006 and 2008, with most wage data from 2008. When possible, nonproduction workers are excluded from the sample. However, in several cases it was not clear whether production workers were included in the data. North American Industrial Classification System (NAICS) code. c Wages are reported at 4-digit NAICS code level. The wage rate that is used is the rate for all production occupations within the NAICS code. 2008 data are used since this is when most of the manufacturing plants in the sample were announced. 
